
����������	
����
�
�����
���
�

��������������� ������! "�! #%$&�('�)*�,+.-/"����(��#%-/�0! )*12�3-/! 12�546��)7�580'���#%9:� ;7! �=<&�>+�4@? #BAC�0�����>D@EGFH��� '(#
IJ�5)7! KL�%M��0DN!2#
M�! )7���=M�! )*�0��;*�0��#O$PDN;7Q�;*E��ORB� K2�,DN� �(�5#OSO� Q�)7�����0�T�U�5"�"5�VD*DN�

W@XZY\[@]_^ `LaTXZb�c�d,cfegcihjXV^ kN`ml5nNhjXZkNd�lokNdPXZbLcqp cfrNciptsuXZd0^ aNaNcfdvk�l2XZbLc&w�YLkN`xn*d�wCy�Y�z0^ `LaTz0^{w�Y\p{n*XZci[J|}YL~�|�Y
hjk�p{p{^ z0^ kN`Lz0y�^ X���n*z�kN��z,cfd,rNci[3XZb�n*X&n�p{n*d>aNcH`2Y\wu��cfduk�l(��n*d,XV^{hfp cfzqw�n*��^ `La�n�b\^ Xq^ `�XZbLc/��YLkN`���[@cf`2XV^ �Lcfd
� �CYL�f���Zy:�Pcfd,cH��d,k�[NY\hjci[�^ `�XZb�cH��cinNw�~��\^ ��ci�B|�X�XZbLcJz0nNw�cHXV^{w�ciy:XZbLcUhjk�w��\n*d0^ z,kN`xk�ltXZbLcH`2Y\w���cfduk�l
b\^ XZzO��cfd
a�n*��cf�2XZd0nNhjXZci[�l�d,k�w�XZbLc�z0^{w�Y\p{n*XV^ kN`�n*`\[}XZbLcucf�2��cfd0^{w�cf`2XVnNp:[Ln*XVnvz,bLk0��ci[�XZb\n*X%XZbLc�z0^{w�Y\p{n*XZci[
b\^ XZzu�Pcfd,cTYL`\[Ncfd,cfz,XV^{wCn*XZci[q�2]�nCl5nNhjXZkNdqsN� ~>sN�{� � nNl�XZcfd&nN[�[L^ `La3XZbLc/�%��w�n*aN`LcfXJ^ `�����W@|�z0^{w�Y\p{n*XV^ kN`\�Z�

|ql�XZcfd�kN�LXVnN^ `\^ `�aJXZbLc��Ld>z,XBr:nNp YLc�k�l XZbLc�d,cfegcihjXV^ kN`=l5nNhjXZkNdHl�kNdvXZbLc�d,cinNp�[Ln*XVnNy�^ Xv��n*zH[@cihf^{[Nci[HXZk�nN[L[
z,b\^ cip{[L^ `La�^ `�XZbLc�z0�VY\n*d,cf~�b�k�p c k�l%XZbLcx��YL�f�¡^ `GkNd0[@cfd&XZkxcip{^{w�^ `\n*XZcUXZbLc/��n*d,XV^{hfp cfz�hjk�wC^ `La¢lod>k�w£XZbLc
�(cinNw�~��\^ ��cUn*`\[ XZb�c��
�¤w�n*aN`LcfXV�U¥Lk=[@cfXZcfd�wC^ `LcqXZbLc�w�kNz,X�n*���Ld,kN�Ld0^{n*XZcqz,b�^ cip{[L^ `La�y��Pc3�Ld,z,X�b\nN[/XZk
^{w��Ld,k0rNc�XZbLc�z0^{w�Y\p{n*XV^ kN`�^ `3kNd0[@cfd%XZb�n*X�^ X%d,cf�Ld,k_[@Y\hjci[qn*z%�Pcip{p:n*zO��kNz,z0^ �\p cvXZbLc�d,cinNp:[�n*XVnP�J^ XZb�[L^ ¦(cfd,cf`§X
hjkN`L�LaNYLd0n*XV^ kN`�zuk�ltz,b\^ cip{[L^ `La��

¨ ©«ª
¬�N®N¯ ®N°²±/ª%³ ´P¬�µ\´�µT¶

·�¸>· ¹�º>»�¼_½�»�¾À¿�¾O¼_Á(Â3ÁÄÃÅÃÇÆ È�É3½�¼_Ê�¾�¸
Ë cil�kNd,cT^ `2rNcfz,XV^ a�n*XV^ `La n*`�^{w��Ld,kVrNciw�cf`§X%k�l�XZbLcvz0^{wuY�p{n*XV^ kN`Lz�^ X
��n*z%XZcfz>XZci[�XZb\n*X
XZbLcvcf�§XZd�nBb�^ XZz%kN�Lz,cfd,rNci[
^ `JXZbLc�d,cinNp2[Ln*XVn�[Nk�`LkNXvhjk�w�c�l�d,k�wÌ��cinNw�~�a�n*zu^ `§XZcfd0nNhjXV^ kN`���¥Lk3h�bLcihÍ�TXZb\^ z0y0�Pc�p k2kN�Nci[qn*X\XZb�cBz,��cihjXZd,Y\w
k�lNXZbLc�`2Y\w��(cfd�k�lib\^ XZz�^ `3XZbLcT�CY����=rNcfd,z,YLz%XZb�cHh�b\n*d,aNcHhjk�p{p cihjXZci[ ^ `3XZbLc ËvËvÎ [@cfXZcihjXZkNd,z�n*z�^{p{p Y�z,XZd0n*XZci[
^ `x��aNYLd,c�ÏN�CÐv`�XZb\^ z��LaNYLd,ciyt�PcqkN�Lz,cfd,rNcqXZb\n*X�XZbLc&b\^ X�d0n*XZc�^ `�XZbLc���YL���Çn*`\[/XZbLc ËvËPÎ hÍb\n*d,aNc�n*d,c
z,XZd,kN`La�p ]mhjkNd,d,cip{n*XZci[��B�fltXZbLcTcf�2XZd0n�b�^ XZz&hjkNd,d,cfz>�(kN`�[@ci[qXZkC��cinNw�~�a�n*z3^ `§XZcfd�nNhjXV^ kN`Lz0y�kN`LcHz,b�kNY\p{[qcf�2�(cihjX
wCn*`§] b\^ XZzq^ `���cfd0^ �LbLcfd0nNp§cfrNcf`2XZz�kNd&n��Ld,k�nN[�[�^ z,XZd0^ �LYLXV^ kN`=^{l
^ Xu��n*zJ[@Y�c�XZk�nNhfhf^{[@cf`2XVnNp z0�

·�¸>Ñ ÒÓº>ÔÕº7Ö3ÊÕ×�Øm»�É3¾ÀÙ3¾O»�¾OÈ%»t×�¼B¸
Ú ^ aNY�d,cfzqs/n*`\[�ÛT�Ld,cfz,cf`2X�XZb�c [L^ z,XZd�^ �LYLXV^ kN`�k�l(XZb�cHXV^{w�c�[@cip{nZ] � ^ `���cinNw¡hfp k_h���YL`\^ XV��l�kNd&n*`xcfrNcf`2X�XZk
�(cUnNhfhjcf�LXZci[/�§]�XZbLc Ë cinNw�~ Ë cinNw«ÜLk�hfnNp
Ü:cfrNcip�ÏHXZd0^ aNaNcfd�kN�LXVnN^ `Lci[�l�kNd�XZbLc�hfn*�\p cfzChjkNd,d,cfz>�(kN`�[L^ `LaCXZk
XZbLc�bLkNd�^ ÝfkN`§XVnNp � �LaNYLd>c�sN�Jn*`�[�rNcfd,XV^{hfnNp � �LaNY�d,c�ÛN��XZYL��cfz ^ `Ga�n*�ÓÞ � h�bLkNz>cf`ßn*z�n*`Gcf��nNw���p ci�uk�l�XZbLc
�CYL�f���%Ðv`�XZbLcfz,c3��p kNXZz0y_�Pc3kN�Lz,cfd,rNc�l�kNdTcinNhÍb�hfn*�\p c�nq`�n*d,d,kV���cin*�xk�l�w�cin*`mr nNp Y�c�ÏNÞ&�(cinNwÕhfp k�hÍ�
YL`\^ XZz0��¥
b�cfz,cx[L^ z>XZd0^ �LYLXV^ kN`LzUhjkNd,d,cfz,��kN`\[�XZk��x^ `\^{w�Y\w Ë ^{n*zqcfrNcf`2XZzqXZd0^ aNaNcfd,ci[xkN`GXZbLc ËvËvÎ y6z,k�XZbLc
b\^ XZzqn*X}XZbLcJ�(cin*�=hjk�w�cJ�Ld�^{wCn*d0^{p ]=l�d,k�wàd>cinNpLcfrNcf`2XZz0�H¥%bLc lgnNhjX�XZb�n*X��Pc [@k/`LkNX}z,cfcJb�^ XZz�kNYLXZz�^{[@cHXZbLc
�(cin*� z,bLk0�uzuXZb\n*X���c/[Nk3`LkNXuz,cfc/w�n*`§] b\^ XZzuYL`�hjkNd,d,cip{n*XZci[3�&^ XZb�n�d,cinNp�^ `2XZcfd0nNhjXV^ kN`\�

á



MuID Total Hits
0 100 200 300 400 500

B
B

C
 C

h
ar

g
e

0

500

1000

1500

2000

âP�51 Q()*� á0ã&ä}å5æ�çéè�æ�ê3ågë�æ�ì�ê3í�î ïZðñ0êVç*ò>î ò�æ�ì�ê3óVìiè�çéô0êCó>õiö5ö÷ê>ó0æ�ê>ø�ågë�æ�ì�ê3ùvùTúÌø�êVæ�ê7óVæ�õ�ç*ò>û

ü ý�¯ þ²ª
ÿ���¬�¯ ¬�°U´ ÿ��Å´��x¬ µv®N¯ �²N±T´�®*ÿ�°Å¶

|�z�z0nN^{[/�Ld,cfr_^ kNYLz0p ]iy(�&^ XZbxXZb�cJ`2Y\w��(cfd}k�l_z�^{wuY\p{n*XZci[ b�^ XZz3^ `�XZbLc���YL�f�ßkN�LXVnN^ `Lci[�l�d,k�wÇXZbLc&kNd0^ a�^ `\nNp
z0^{wuY�p{n*XV^ kN`\yLY�z0^ `La��B�
	f�
��ÅaNcf`Lcfd0n*XZkNd0yt��ci^ `La��NÞ��¤p k0��cfd�XZb\n*`xXZbLcH`2Y\w���cfd�kN�Lz,cfd>rNci[�l�d,k�wXZb�cJd,cinNp
[Ln*XVnNyB^ X���n*z/[@cihf^{[@ci[�XZk�^{w��Ld,k0rNcCXZbLc3z0^{w�Y\p{n*XV^ kN`Ó^ `�kNd0[@cfd�XZb\n*X/^ X�d>cf�Ld,k_[@Y\hjci[�n*zT�Pcip{pOn*zT��kNz,z0^ ��p c
XZbLc�cf�§��cfd0^{w�cf`§XVnNpLk�hfhjYL��n*`\hj]i�

Ú ^ aNYLd,c����Ld>cfz,cf`§XZzHXZbLc3`§Y�wu��cfd�k�l6b\^ XZzT��cfd�cfrNcf`§X � z,Y\wCw�ci[ kVrNcfdHXZb�c3�\n*`Lcip z0�Tn*z n�loYL`�hjXV^ kN`mk�l
a�n*��cf�2XZd0nNhjXZci[�l�d,k�wÓXZbLc�d,cinNpL[Ln*XVn � ��p{nNh��3z0�VY\n*d,cfz0�%n*`�[�XZbLcu�Ld>cfr�^ kNYLzBz0^{wuY�p{n*XV^ kN`�`LkNXZci[�� k�p{[����������! "�$#&%
'(  (�)*(,+.- � (  �/ ( ��0 ( �1/ (  ��!2 (43 �.56� +  +!3 � -7+.8 �9;:<9=%?> -7( � )*(
(6@ ��0 ( �"ACB 8�D �!��A +.@ � @�E ��0 (  ( � DFE �!���=%

G 0 ( B��!A @ ACBIH� + / ( B (6@ �J� + ��0 ( ��ACB 8�D �!��A +.@ 5 +.@ ��AK���"� +!3ML ACBIH +  ���� @ �J5"0N� @ 2 ( �1O

P � + 5 +.@ �"A E�(  Q��0 (,L.R B + B (6@ � 8 B +!3 ��0 ( HN�! ���AK5 DK( �S� +�E�( � (  �BIA @�( ��0 (,TMU�VXW 0�AC� DK+ 51�!��A +.@ �QA @ ��0 (
Y�8�UZR � ) 0 (  ( �.� -[(&3\+  ( � DCD ��0 ( HN�! ���AK5 DK( � )](  ( ���!^ (6@_) AC��0`�,B + B (6@ � 8 BaHN�! �� DCDK(6D � + ��0 (J-[( �!B
�;b=AK�$#

P � + � DCDK+c) B 8�D ��ACH DK( 0�AC�"� 3\+  +.@�( HN�! ���AK5 DK( A @dE Afe (  (6@ �g� 8�-[( �gA @ ��0 ( ���!B ( 2h�!H

P � + A @ 56 ( �.� ( ��0 ( � (6@ ��AC��AC/ ( / +.DC8 B (i) 0�AK5"0 E�( � (  �BIA @�( ���0 ( ���� 8 5�^j� 8�-7( �

G 0 ( ��ACB 8�D �!��A +.@k) �.�il @�(I3\+  i��0 ( HN�! ���AK5 DK( � (6@ � (  �A @ 2�HN�! �� DCDK(6Dm+  n5 DK+ � ( � + HN�! �� DCDK(6D � + ��0 (�-[( �!B

o



�;bXAK�1p7�.�J0N�.� -7(
(6@�( bXH ( 56� (
E % G 0 ( � ( 5�0N� @ 2 ( � )](  (q( �"� (6@ ��Ar� DCDCs ACBIH +  ���� @ ��� + ACBIH� + / ( ��0 (t(&u 56A (6@ 5 s
3�+  S��0 ( HN�! ���AK5 DK( � (6@ � (  �A @ 2j��0 ( HN� @�(6D �Q�� �� @ ��/ (  "� DCs �v� + ��0 (4-7( �!Bw�;b=AK�$#&%

G 0 (  ( � 8�D � +!3 ��0�AK�qACBIH� + / ( B (6@ ��AK�q��0 +1)S@ A @ l�2 8  (yx�-hs ��0 ( 56AC "5 DK( �1pMB��! �^ (
E�z{@�(6)  ( �"H +.@ � (
5"0N�!A @=| %

Wg@ � E�E AC��A +.@ � D ACBIH� + / ( B (6@ � ) �.� E�+.@�(J-hs�E�( 56 ( �.��A @ 2q��0 ( H�0 + � +.@ ��0� ( �"0 +.DKE A @ ��0 ( � - � +  -[(  "� +!3
��0 (4Yd8�UZR �vA @ ��0 ( A @�@�(  g� - � +  -7(  SHN�! ��1p=��0 ( ��0� ( ��0 +.DKE}) �.�SH 8 �m� + > Y�({~ A @ ��� ( � E}+!3 >�� Y�({~ #&% G 0 (
 ( � 8�D �"� +!3 ��0�AK�,�"ACB 8�D �!��A +.@ p 8 �"A @ 2d� D � + ��0 (q@�(6)  ( ��H +.@ � ( 5"0N�!A @ p�AK�� ( H� ( � (6@ � (
E�-�s ��0 ( �� �Ar� @ 2 DK( �4A @
l�2 8  (,x % VX+ p� (
E=8 56A @ 2j��0 ( H�0 + � +.@ ��0� ( ��0 +.DKE A @ ��0 (nYd8�UZR � - � +  -7(  "�gA @ 56 ( �.� ( �g��0 ( 0�AC� + 5
5 8 HN� @ 5 s
+!3 � 3�8  ���0 (  i�1���_%

� � ªu®&�G®N° ÿ��Å´4�x¬ þ²±/ª%´�®��J*¬�µ��²®*´�´�®N°�� ´��x¬ � �xýg� ¶

Æ²¼_¾O½�»tº>×�Ö�� ×�º>ÖT»Ä×�Øm»tÉ3¾��3½�¼_»tº>È��>¾BÁ��ÄÉ3º>È�É��3¼_¾�»tÉ3¾��:½�¼_×TÈ%È%º�»�ÂI�U¾OÁ%¸
WgD ��0 +.8 2�0 @�+ ��H� ( /�A +.8 � DCs  ( 5 + 2 @ AC� (
E p ( / (6@ �.5
5 +  E A @ 2}� + ��0 (t+  �AC2�A @ � D �"ACB 8�D �!��A +.@ �i� D �! �2 (n3  ��.56��A +.@
+!3 ��0 ( HN�! ���AK5 DK( � ) 0�AK5�0�H� +XE=8 5 ( �y0�AC�nA @ ��0 (�Y�8�UZR �! ( H� +�E=8 5 (
E A @ ��0 (�-7( �!Bq:�H�ACH ( � @�E ��0 (jRS�
B��!2 @�( �1% G 0�AK��AK��A DCDC8 ���� ��!� (
E�-hs l�2 8  ( > ) 0�AK5"0j��0 +1) ����0 (  �� E Ar� D 5 +X+  E A @ �!� ( / (  "� 8 �M��0 ( �g/.� DC8�( � DK+.@ 2
��0 (�-7( �!B��;b=AK� +!3 ��0 ( 56 ( �!��A +.@ H + A @ � +!3 ��0 ( HN�! ���AK5 DK( � ) 0�AK5"0�0N�
/ ( 2 (6@�(  ��!� (
E �d0�AC�iA @ ��0 (�Y�8�UZR %
W �4H� ( /XA +.8 � DCs � �&¡{p +.@ l�2 8  ( > )](j+.- � (  �/ (�E Afe (  (6@ �q���� 8 56� 8  ( �t5 +  � ( ��H +.@�E A @ 2d� +d(6DK( B (6@ �"� +!3 ��0 (
( bXH (  �ACB (6@ ��� D � ( � 8 Hd� @�E`+!3 ��0 ( 5 +.DCD A E�(  n�v��0 ( � (,(6DK( B (6@ �"��! ( A @�E AK51�!� (
E A @ l�2 8  ( >�#&%

¢ ¼_º>Ô ½�¼¤£¥�3½�¼_»�º7È��>¾OÁ Ê�¾OÖ3¾O¼_½�»�º7Ö3Ê ½«É3º>»Åº7Ö »�É3¾§¦ ÂI��¨«¸
GF+ 2 +Q3 �! ���0 (  ©A @ ��0 ( ��� 8�E=sn+!3 ��0 (]+  �AC2�A @I+!3 ��0 ( HN�! ���AK5 DK( �ªl� �A @ 2���0 (*Yd8�UZR p )*(�3\+.DCDK+1)*(
E ��0 ( AC M� @ 5 ( ���� s
� + ��0 (IT�U«VXW A @ H 8 �1%i¬ªAC2 8  (� ��0 +1) ����0 ( H�� (68�E�+ :� ��!H�A E AC� s�E AK���� �A -�8 ��A +.@ H (  ( / (6@ � +!3 ��0 ( H� �ACB��! �A ( �
�\� 3 � (  Q��0 ( ACBIH� + / ( B (6@ � +!3 ��0 ( ��ACB 8�D �!��A +.@ # ) 0�AK5"0�51� 8 � ( ��0�AC�QA @ ��0 (,Y�8�UZR�3�+  L�E Afe (  (6@ �gACBIHN�.56�
HN�! ��!B ( � (  Q� (6DK( 56��A +.@ �1% G 0 (J@�+ BIA @ � D H�� (68�E�+ :� ��!H�A E AC� s �.5
5 ( H���� @ 5 (i+!3 ��0 (�Yd8�UZR � � :<9=% x p :���%?9;¡v#m� @�E ��0 (
H�� (68�E�+ :� ��!H�A E AC� s 5 +  � ( ��H +.@�E A @ 2}� + ��0 (t-7( �!Bq:�H�ACH ( A @ ��0 ( �6:� �� @ 2 (I+!3 ��0 ( �"® 8 �! ( :�0 +.DK(t+!3 ��0 (qYd8�UZR
� � :<>=%  >=p :<>=% x ¡v#]�! ( A @�E AK51�!� (
E %�¯ (@�+ � ( ��0N�!� +.@�DCs �n��B�� DCDN3  ��.56��A +.@y+!3 ��0 ( HN�! ���AK5 DK( �*H� +XE=8 56A @ 2I�,0�AC�]A @
��0 (iY�8�U<R 5 + B (,3  + Bw��0 (,Yd8�UZR �.5
5 ( H���� @ 5 ( %° @ ��0 ( 5 +.@ �� ��! s p )*(i+.- � (  �/ ( �IH ( �!^y5 +  � ( �"H +.@�E A @ 2
� + H� �ACB��! �A ( �t0�AC����A @ 2���0 (�-[( �!Bq:�H�ACH ( A @ ��0 ( ��® 8 �! ( :�0 +.DK( % G 0 (6@ p ( AC��0 (  tHN�! ���AK5 DK( �tH� +�E=8 5 (
E A @ ��0 (
-[( �!Bq:�H�ACH ( � +  *��0 (�RS� B��!2 @�( �$# +  m��0 ( AC E � 8 2�0�� (  "�g56 ( �!� (
E A @ ��0 (4Yd8�UZR � (6@ ��AC��AC/ ( / +.DC8 B ( l� ( ��0 (
U �! + 5
56A¤� 8�-[( �c%

'(6@ 5 ( p=�.5
5 +  E A @ 2t� + ��0 ( ��ACB 8�D �!��A +.@ �S�!H�H� + b=ACB��!� (6DCs_± �t� +!3 ��0 ( 0�AC�"�*5 + B (g3  + B²H� �ACB��! �A ( �]0�AC�«:
��A @ 24B��!� (  �Ar� D A @ ��A E�( ��0 ( �"® 8 �! ( :�0 +.DK( %©³�/ (6@�-7(&3�+  ( ACBIH� + /XA @ 2,��0 ( ��ACB 8�D �!��A +.@ ph��0 ( H� �ACB��! s HN�! ���AK5 DK( �
)](  (_E�+ BIA @ �!� (
Ek-hs �dH ( �!^´5 +  � ( ��H +.@�E A @ 2�� +�µ·¶¹¸ �=%�º 8 �I�.�n��0 ( � ( HN�! ���AK5 DK( � @�( 5 ( �"�$�! �A DCs»(6@ � (  
B��!A @�DCs ��0 (nY�8�UZR �� �� @ ��/ (  "� (6DCs � + ��0 (i-7( �!B¼�;bXAK�1pN��0 ( H� ( /XA +.8 �J ( ��H +.@ � ( 5�0N�!A @�) �.�JA @�(&u 56A (6@ � 3�+  
� D �! �2 ( HN�! �� +!3 ��0 ( B`p ) 0�AK5"0 ( b=H D �!A @ � ) 0 s ��0 ( �"ACB 8�D �!��A +.@`) �.�]A @}E AK���!2� (
( B (6@ � ) AC��0y��0 (  ( � D¤E �!���=%

G 0 ( bX: s4E AK���� �A -�8 ��A +.@ � +!3 ��0 ( 0�AC�"��A @ 2h�!Ht�S5 +  � ( ��H +.@�E A @ 2J� + H� �ACB��! �A ( � ) AC��0g½h¾"¿«ÀfÁÃÂ ¸ Ûi�v +.8 2�0 DCs
A @»Yd8�UZR �.5
5 ( HN�!� (6@ 5 ( #n� @�E ½h¾"¿«ÀfÁ ¶§¸ Ûd�! ( ��0 +1)S@ A @ l�2 8  ( �IÄ}� @�E�± %���Å,Æ�Ç{È1ÉI� D ��0 +.8 2�0 )*(�8 � (
2h�!HÊ���.��� @Ê( b��!BIH DK( p )]( � (
( ��0 ( ���!B (}( e ( 56�"��A @ ��0 (}+ ��0 (  �2h�!H��$#_%�¯ (}+.- � (  �/ ( ��0N�!����0 ( 0�AC�"�
5 + BIA @ 2 3  + BËH� �ACB��! �A ( � ) AC��0t½h¾"¿«ÀfÁÃÂ ¸ Ût�! (  (6D �!��AC/ (6DCs�( / (6@�DCsjE AK���� �A -�8 � (
E_) 0 (  ( �.� 3\+  F½h¾"¿«ÀfÁ ¶Ã¸ Û
)](,+.- � (  �/ ( �t/ (  s_D �! �2 (,+ 5
5 8 HN� @ 5 s A @ ��0 ( 5 (6@ � (  J�! +.8�@�E ��0 ( �"® 8 �! ( :�0 +.DK(,) 0�AK5"0dAK�m/ (  s ��ACBIA D �! Q� +
) 0N�!�JAK� +.- � (  �/ (
E�3�+  ���0 (q( bXH (  �ACB (6@ ��� D]+ 5
5 8 HN� @ 5 s % G 0�AK� ( bX0�A - AC�"�,�!2h�!A @ ��0 (n3 �.56����0N�!�4A @ ��0 (  ( � D
E �!���t��0 (  ( AK�Q� DK+ � +!3 0�AC�"� ) 0�AK5�0 +  �AC2�A @ �!� ( A @ ��0 (�-7( �!Bq:�H�ACH ( � @�E ��0 ( �"® 8 �! ( :�0 +.DK( pN� @�E ��0N�!� )](,E�+
@�+ � ) � @ �� +  ( 5 +  E %

Ì



¹a��ÍJ��ÎÐÏ È�É3¾OÈ�ÑTº7Ö3Ê&¸
W �*��0 ( ��ACB 8�D �!��A +.@ H + A @ �"� +.8 �m��0N�!�g� D �! �2 (J@�8 B -7(  +!3 H� �ACB��! s HN�! ���AK5 DK( �SA @ � (  ��.56�QA @ ��0 (J-7( �!Bq:�H�ACH (
��5 +  � ( ��H +.@�E A @ 2_� +4µ�ÒaÓ ¸ ��ÔC�N��Õ ¸ ��Ô ��Ö<#&p )*(i) � @ � (
E � + 5�0 ( 5"^`��0N�!���0 ( 5"0N�! �2 (
E HN�! ���AK5 DK( B 8�D ��ACH D AK56AC� s
A @ ��0 ( H�� (68�E�+ :� ��!H�A E AC� s  ( 2�A +.@Ê¸ ��ÔC�N��× µ × ¸ ��Ô � +.- ���!A @�(
Ek3  + B 'UZØ�UZÙ�Ú AK�I5 +  � ( 56�1% Û]0N�! �2 (
E
B 8�D ��ACH D AK56AC� sts A (6DKE � 3  + BÝÜ 'JU Û»�!�Þ��0 ( � (]D �! �2 (ªµ /�� DC8�( � E�+J@�+ � ( b=AK���1% '+c)]( / (  1p�A @  (&3\(  (6@ 5 (J� 9;¡=AC� ) �.�
��0 +1)S@ ��0N�!����0 ( 5"0N�! �2 (
E B 8�D ��ACH D AK56AC� s A @ ��0 ( H� +!ß�( 56��A DK(  ( 2�A +.@ A @IW º�5 +.DCD AK��A +.@ �M�!��Û*³MÜ Ù4à�VXT]V AK� )](6DCD
E�( �"56 �A -[(
E�-hs �45 + B - A @ �!��A +.@y+!37D ACBIAC��A @ 2 3  ��!2�B (6@ ���!��A +.@ � @�E ��0 (Q)*+.8�@�E�(
E�@h8 5 DK(
+.@ B +XE�(6D ph� (
( l�2 8  (
á % G 0 ( 0 s H + ��0 ( ��AK� +!3MD ACBIAC��A @ 2 3  ��!2�B (6@ ���!��A +.@ �����!� ( �J��0N�!��A @jâ�â � @�EÊãâ�â 5 +.DCD AK��A +.@ �J��0 ( B 8�D ��ACH D AK56AC� s
A @ ��0 ( H� +!ß�( 56��A DK(  ( 2�A +.@ AK��A @�E�( H (6@�E�(6@ � +!3 ��0 (t-[( �!B (6@�(  �2 s % W 5
5 +  E A @ 2}� + ��0 (t)*+.8�@�E�(
E�@h8 5 DK(
+.@
B +�E�(6D ��0 ( B 8�D H D AK56AC� s�+!3 ��0 ( HN�! ���AK5 DK( �iH� +XE=8 5 (
E A @ � +!3 �,5 +.DCD AK��A +.@ �iAK�,H� + H +  ���A +.@ � D � + ��0 (�@h8 B -[(  
+!3 HN�! ���AK56ACHN� @ � @�8 5 DK(
+.@ �JA @ ��0 ( 5 +.DCD AK�"A +.@�ä ¾"å�¿«æ&% V A @ 5 ( � DCD ��0 ( HN�! ���AK5 DK( � @�( �! ��0 ( H� +!ß�( 56��A DK(  ��!H�A E AC� s
�! (@�( 5 ( �����! �A DCs H� +XE=8 5 (
E_-hs � +!3 �m5 +.DCD AK��A +.@ �1p�5 + B - A @ A @ 2I��0 ( � ( 0 s H + ��0 ( ��AC� ( �S�"���!� ( �m��0N�!�*��0 ( HN�! ���AK5 DK(
H� +�E=8 56��A +.@ p���51� DK(
Ey-hs}ä ¾"å$¿«æ$p=AK�mA @�E�( H (6@�E � @ � +!3 ��0 ( H� +!ß�( 56��A DK( ��AC� ( %�¬ªAC2 8  ( á 3  + B � 9.¡7H� ( � (6@ �"�Q��0 (
5"0N�! �2 (
E�E�(6@ �"AC� sIE AC/�A E�(
E�-hs�äjç\è å�Á¾�å�¿«æ p���0 (S@�8 B -7(  +!3 HN�! ���AK56ACHN� @ � @h8 5 DK(
+.@ � 3  + Bé��0 (Q-[( �!B @�8 5 DK(68 �1phA @
��0 (S-[( �!B 3  ��!B (�µ=ê¤Ò²ë µ�ë�¸�ë ½ ç\è å$Á ë;) 0 (  ( ½ ç\è å$Á AK����0 (  ��!H�A E AC� s�+!3 ��0 (S-7( �!B`%©º*Ü W'JY�Vt( bXH (  �ACB (6@ �
�?L ¡N/ (  �Afl (
E ��0N�!����51� D A @ 2n�!��Ü 'JU Û (6@�(  �2 s�ì íÒ � L � Ú�(�~î3\+  ¸ s ¶kµ ê ¶Ã¸ Þ�Ô{Û=pX�.����0 +c)S@ A @ l�2 8  ( �1�
�vA @ � (  �� (
E ��H ( 56�� 8 Bj#&ph� +J)](S3�(
(6D ��� 3\(S( bX�� ��!H +.D �!��A @ 2,� + Þ�Ô{Þ&� ¶ïµ ê ¶ Þ�Ô{s�ð=O ��ñ äIò ñ µ ê � ò � ä ¾"å$¿«æ ò sN�Mó Þ�Ô ��p
� +�ô�ä � Þ�Ô{Þ&�_× µ=ê × Þ�Ô{s�ðN� Ò Þ�Ô{ÞN�qõ ä ¾�å�¿«æ6%

G 0 ( 5�0N�! �2 (
E HN�! ���AK5 DK( B 8�D ��ACH D AK56AC� s�3\+  �Þ�Ô{Þ&�y× µ ê × Þ�Ô{s�ði/ (  "� 8 � ä ¾�å�¿«æ ( b=�� ��.56� (
E�3  + B 'JUZØ�U<Ù4Ú AK�
��0 +1)S@ A @ l�2 8  ( ���t�.� )](6DCD �.�g��0 ( 5"0N�! �2 (
E B 8�D ��ACH D AK56AC� s�E�( H (6@�E � @ 5 (nE�(
E=8 5 (
E�3  + B���0 ( 0 s H + ��0 ( ��AK�
+!3gD ACBIAC��A @ 2 3  ��!2�B (6@ ���!��A +.@ %»¬� + B�l�2 8  ( ����p )*( 5 +.@ 5 DC8�E�( ��0N�!�q��0 ( 5�0N�! �2 (
E B 8�D ��ACH D AK56AC� s A @�µ ê Ò
Ó Þ�Ô{Þ&�NÕfÞ�Ô{s�ð&Ö +.- ���!A @�(
E`3  + B 'JUZØ�U<Ù4Ú AK�SA @  +.8 2�0��!2� (
( B (6@ � ) AC��0d��0 ( H� (
E AK56� (
E /�� DC8�( %

ö ÷ï�²®*¬��ø²®N°�� µ\´4�ïøx³�¶

¦ ×�ÔÕ¾OÖT»tÂ3Ô Á[�U¾OÈ%»�¼_½H¸
GF+�( ����ACB��!� (_) 0N�!� )]+.8�DKE�-[( ��0 (_-[( �"�t��0�A (6DKE A @ 2�p )]( l� "��� DK+�+ ^ (
E �!�q��0 ( B + B (6@ � 8 B E AK���� �A -�8 ��A +.@
+!3 ��0 ( HN�! ���AK5 DK( � 3�+  ) 0�AK5"0 �}0�AC�n0N�.� -7(
(6@  ( 5 +  E�(
E A @ ��0 (jY�8�U<R � @�E�) 0�AK5"0 ) �.�n56 ( �!� (
E A @ ��0 (
-[( �!Bq:�H�ACH (  ( 2�A +.@´+  4��0 (tRQ� B��!2 @�( �, ( 2�A +.@ %n¬ÞAC2 8  ( �19jH� ( � (6@ �"�4��0 ( B + B (6@ � 8 B E AK���� �A -�8 ��A +.@´+!3
��0 (n(6DK( 56�� +.@ �1p[H + ��AC�� +.@ �1p�H�A +.@ �4� @�E H� + � +.@ ���v��0 ( B��!A @ HN�! ���AK5 DK( � ) 0�AK5�0 +  �AC2�A @ �!� ( 0�AC�"�&# ) 0 (6@ ��0 (6s
(6@ � (  g��0 ( � (6@ ��AC��AC/ ( / +.DC8 B ( �vA�% ( %���0 (4Yd8�UZR #&%�° @ l�2 8  ( �19IAK�g� D � + A @�E AK51�!� (
E ��0 (�8 H�H (  D ACBIAC� +!3 ��0 (
B + B (6@ � 8 B� �� @ 2 ( 5 +  � ( ��H +.@�E A @ 2�� + ��0 ( HN�! ���AK5 DK( ���� + H�H (
E`-hs}E Afe (  (6@ �Q��0�AK5"^ @�( �"� ( �J� @�E B��!� (  �Ar� D �1%
Å,Æ�Ç{È1Én��0 ( B + B (6@ � 8 B ) �.� DK+1)ù(6@�+.8 2�0���0N�!�n��0 ( ��� + H�H�A @ 2dH +1)*(  ) �.�iB��!� (  �Ar� D :�A @�E�( H (6@�E�(6@ ��� @�E
��0 ( l�2 8  (i+!3 B (  �AC� ) �.�S��0 ( � + ��� D�)]( AC2�0�� +!3 B��!� (  �Ar� DÞ+  ( ® 8 AC/.� DK(6@ � DCs ��0 ( �! ( � E�(6@ ��AC� s �v2 à 56B,ú�#&%

¯ ( 51� @ � (
( ��0N�!� +.@�( A @ 5�0 +!3 � DC8 BIA @ A 8 B§��0 +.8�DKE}(6D ACBIA @ �!� ( Ä.>�� +!3 ��0 (4(6DK( 56�� +.@ �� @�E H + ��AC�� +.@ �
-�8 �gAC� )*+.8�DKE�+.@�DCs  (
E=8 5 (i-�s �!H�H� + b=ACB��!� (6DCs >j�§��0 (,@�8 B -7(  "� +!3 H�A +.@ ��� @�Ed-hs}x �I�û��0 (n@h8 B -[(  
+!3 H� + � +.@ �0�AC����A @ 2y��0 (tYd8�UZR % G 0 (tE Afe (  (6@ 5 (i-7( � )*(
(6@»L�ü � @�E��üi+!3 AC +.@ AK�B��!A @�DCs ACBIH +  ���� @ � 3�+  
 (
E=8 56A @ 2���0 (�3  ��.56��A +.@�+!3 H�A +.@ �t56 ( �!� (
E A @ ��0 ( ��® 8 �! ( 0 +.DK(  ( 2�A +.@ ��0N�!�t51� @ H� +XE=8 5 ( �`0�AC�iA @ ��0 (
Yd8�UZR O 3  + B  Ä��Ð� +�L� �_% G 0 (_- �.5"^X2� +.8�@�E 5 +.8�DKE�-[(j3�8  ���0 (  q (
E=8 5 (
Ek-hs H 8 ����A @ 2 ( / (6@ B +  (
��0�A (6DKE A @ 2�p -�8 � �ü�+!3 AC +.@ H 8 ��0 (
E ��0 (,D ACBIAC� +!3 H� ��.56��AK51� D AC� sy3�+  S��0�AK� s�( �! 1ýþ�Q 8�@ %

Ò�¾OÁ(»�Á��Åº7»�É ¼_¾O½S�xÙ3½�»�½H¸
GF+yE�( � (  �BIA @�( ��0 (t-[( ���45 +.@ l�2 8  ��!��A +.@´+!3 ��0 ( �"0�A (6DKE A @ 2��v��0�AK5�^ @�( ���1p72 (
+ B ( �� s %C%C%ÿ#&p )*(tE A E � ( ���"� ) AC��0
 ( � DÞE �!��� 8 ��A @ 2 E Afe (  (6@ �J^XA @�E � +!3 ��0�A (6DKE A @ 2_A @ ����� DCDK(
E A @ 2h�!H x � D �.���2h�!H�#g� @�E 2h�!H L p7�.� E�( �"56 �A -[(
E
-[(6DK+c) O

�



P z<ÙJ+.@�(&| O @�+ � E�E�(
E �"0�A (6DKE A @ 2��vA�% ( % +.@�DCs ��0 (4WgDC8 BIA @ A 8 B�� +�+  1p��=%?> ü�+!3©WD #
P z<WDC8 BIA @ A 8 B | O*� üM+!3NWD A @ ��0 (M-7+ ��� + B +!3 2h�!H x�� � üM+!3NWD A @ ��0 ( ��A E�( � +!3 2h�!H x � �ÊWgDC8 BIA @ A 8 B� +X+  $#
P z 9 ü AC +.@=| Om9 üi+!3 AC +.@ A @ ��0 (i-[+ ��� + B +!3 2h�!H x � @�E 2h�!H L�� � ü4+!3�WgD A @ ��0 ( ��A E�( � +!3 2h�!H x��
� ü�+!3�WD A @ ��0 ( ��A E�( � +!3 2h�!H x � � WDC8 BIA @ A 8 B�� +X+  $#

P zZ�ü AC +.@=| O �ün+!3 AC +.@ A @ ��0 (n-7+ ��� + B +!3 2h�!H x��ËL�ün+!3 AC +.@ A @ ��0 (n-7+ ��� + B +!3 2h�!H L�� � ün+!3
WD A @ ��0 ( ��A E�( � +!3 2h�!H x	� � ü,+!3©WD A @ ��0 ( ��A E�( � +!3 2h�!H x � � WDC8 BIA @ A 8 B�� +X+  $#

G 0 (g( e ( 56�"� +.@ ��0 (g@h8 B -[(  +!3 0�AC�"�MH (  �5"0N� @�@�(6D � @�E H (  ( / (6@ � 3�+  ���0 ( 2h�!H��g��p L � @�E�x ��5 +.8�@ ��A @ 2
3  + B���#�� @�Ek3�+  �HN� @�(6D �d�d� @�EÊx�
 �! ( ��0 +1)S@ A @ l�2 8  ( � L %·¯ ( 5 +.@ 5 (6@ �� ��!� (�+.@ HN� @�(6D ���d� @�Eïx
-[( 51� 8 � ( ��0 (6s �! ( � s BIB ( �� �AK5�� @�E HN� @�(6D �gAK�]� + ��� DCDCs�8�@ �"0�A (6DKE�(
E p ) 0�A DK( HN� @�(6D7x AK� @�( �! DCs 5 + BIH DK( � (6DCs
��0�A (6DKE�(
E % G 0 ( ��0�AK5�^}��0�A (6DKE A @ 2 +.@�DCs}( e ( 56�"� -[+ ��� + B§HN� @�(6D �gA @ ��0 (4D �.���S� )]+ 2h�!H��1p�� +t3\+ 5 8 ��!��� (6@ ��A +.@
+.@ ��0 (S-7+ ��� + Bq:�BIA E�E=DK( � @�E ��0 (Q-7+ ��� + BË �AC2�0��]HN� @�(6D � +!3 l�2 8  ( � L %�¬� + B²��0�AK�Ml�2 8  (g)](+.- � (  �/ ( ��0N�!�
9 ü � @�E��ü  (
E=8 5 ( ��0 ( HN� @�(6D©x 0�AC�J ��!� ( � + > ± �¹� @�E�L�L � +!3 AC�"�gH� ( :{�"0�A (6DKE A @ 2}/.� DC8�( �v ( ��H ( 56��AC/ (6DCs #&p
5 +.@ l� �BIA @ 2 +.8  ( b=H ( 56���!��A +.@ ��0N�!�SB +  ( ��0�A (6DKE A @ 2�AK� -[( ��� (  1%

VX+ pm� +´(&u 56A (6@ � DCs  (
E=8 5 ( HN�! ���AK5 DK( � +!34E Afe (  (6@ �_� s H ( ���vB��!A @�DCs (6DK( 56�� +.@ �1pmH�A +.@ �y� @�E H� + � +.@ �$#
5 + BIA @ 2 3  + B���0 (�-[( �!Bq:�H�ACH ( � @�E 0�AC����A @ 2���0 (iYd8�UZR p �ü�+!3 AC +.@ � (
( B��S� +I-7( ��0 ( 2 +�+XE � +.DC8 ��A +.@ %

� É3º>¾M�7Ù3º>Ö3ÊÕÁ(º>Ô ÂI�>½�»tº>×�Ö3Á
¸
GF+ 5 +.@ l� �B¹��0�AK�� @�E � +�E�( � (  �BIA @�(n) 0N�!� )*+.8�DKEd-7( ��0 (,-7( ���Q2 (
+ B ( �� s p[� )]+ �"0�A (6DKE A @ 2 + H���A +.@ � )](  (
��ACB 8�D �!� (
E � @�E ��� 8�E A (
E O

P W 5 +.@ ��A @�8�+.8 �n�"0�A (6DKE A @ 2`A @ ��0 ( � +X+  n� @�E ��0 ( ��A E�( � +!3 2h�!H����q� +`x}) AC��0 �üI+!3 AC +.@ � D � -[(6DK(
E
Tª( � (  �� +X+.@ ýþ�g5 +.@ l�2 8  ��!��A +.@ ÛS#�%

P W 5 +.@ ��A @h8�+.8 ����0�A (6DKE A @ 2�A @ ��0 ( � +X+  I� @�E 5 +.DC8 B @ �cpM� + ��0�A (6DKEk+.@�DCs ��0 ( HN� @�(6D ��� @�E�@�+ �t��0 (
� - � +  -[(  "� +!3 ��0 (,Y�8�U<R p +.@ ��0 ( ��A E�( � +!3 2h�!H��,�4� +IxI) AC��0 �ü�+!3 AC +.@ � D � -[(6DK(
EdTÞ( � (  �� +�+.@ ýþ�
5 +.@ l�2 8  ��!��A +.@�R #&%

¬ +  -7+ ��0 +!3 ��0 ( � ( 5 +.@ l�2 8  ��!��A +.@ �1p��  �Nõ  �}56B ú 0 +.DK(I) �.� DK(&3 �,A @ ��0 ( � +X+  ,� + � DCDK+c)  +X+ B 3�+  
��0 ( /��.5 8�8 B H 8 BIH�% W �"B�� DCD 0 +.DK(q( b=AK���"�J� D � +j+.@ ��0 (i)*( ��� ) � DCD 5 +.@ / (  �A @ 2}2h�!H x � + 0N�1/ ( �.5
5 ( ���� +
�I��0 8 �«: + e�/.� D / ( % G 0�AK�AK�g��0 +c)S@ A @ l�2 8  ( � x�) 0�AK5�0dAK���0 (iTMU�VXW  ( H� ( � (6@ ���!��A +.@�+!3 ��0 ( ��® 8 �! ( :�0 +.DK(
 ( 2�A +.@}3�+  g��0 ( 5 +.@ l�2 8  ��!��A +.@�) AC��0`��0 ( 5 +.@ ��A @h8�+.8 ����0�A (6DKE A @ 2�� TÞ( � (  �� +�+.@ ýþ�5 +.@ l�2 8  ��!��A +.@ ÛS#&% G 0 (
D �! �2 (}-�D �.5"^ � @�Eï-�DC8�( HN�! �� DCDK(6DK( H�ACH (
E �� ( H� ( � (6@ ����0 (dYd8�UZR HN� @�(6D �1% G 0 (y-�DC8�( � @�E  (
E 5 s�D A @�E�(  "�
5 +  � ( ��H +.@�E � + ��0 ( 5 + / (  q� @�E ��0 ( A @�@�(  qHN�! �� +!3 ��0 (jRQ� B��!2 @�( �1% G 0 ( � 8  "® 8�+ AK� ( HN�! �� DCDK(6DK( H�ACH (
E �
E AK��H D � s ��0 ( AC +.@ ��0�A (6DKE A @ 2 ) � DCD �q� @�E ��0 ( 9}H�A @ ^�HN�! �� DCDK(6DK( H�ACH (
E �n��0 ( 0 +.DK( � 3\+  i��0 ( /.�.5 8�8 B /.� D / (
� @�E ��0 ( ��0 8 � + e�/�� D / ( %

G 0 (4+ 5
5 8 HN� @ 5 s H (  *2h�!H 3\+  ( �.5"0`HN� @�(6D AK�m��0 +c)S@ A @ l�2 8  ( �1>=% U{@ ��0�AK�*l�2 8  ( ��0 ( 5 + BIHN�! �AK� +.@ AK�
B�� E�(g) AC��0_��0 ( �"ACB 8�D �!��A +.@}) AC��0 +.@�DCs ��0 ( � DC8 BIA @ A 8 B�� +X+  ��vA�% ( % @�+ � E�E�(
E ��0�A (6DKE A @ 2�#&% G 0 (@h8 B -7(  "�
+!3 0�AC�"�A @ ��0 (,Y�8�U<R�3\+  Q��0 (4x ��0�A (6DKE�(
E 2h�!H��t�«��p�9}p L � @�Edx #S� @�E ��0 ( >I��0�A (6DKE�(
E HN� @�(6D �t�\� DCD HN� @�(6D �
( b=5 ( H��Q��0 (,8 H�H (  g�"B�� DCD HN� @�(6D p�HN� @�(6D �c#Q�! (  (
E=8 5 (
E`-�s_x �j� ) AC��0d��0 ( 5 +.DC8 B @ �"A E�( ��0�A (6DKE A @ 2_� @�E
-hs_x á � ) AC��0`��0 ( 5 +.@ ��A @h8�+.8 �J��0�A (6DKE A @ 2�%

VX+ AC� ) �.� E�( 56A E�(
E � + A @ �"��� DCD ��0 ( �"0�A (6DKE A @ 2 ) AC��0d��0 ( 5 +.@ ��A @�8�+.8 �4��A E�( �1% G 0�AK� ) �.� E�+.@�( °J56� +.-[(  
��0 ( �1�!��0�%
���������������! #"%$��& ('��)�!�+*�,�,-��.#,/�)���0�+�)��12"%$/�&,��)���0�+3��4 #"5$��& ('����4�6�!798:��.;,��)�/����<

=



> ? ¬�µm�²*´�µA@ ®*´�� ´4�x¬ ®Nª
ÿ�° µm�²®*¬��ø²®N°��Ó¶

B È%È%ÂI�3½�Ö3È�£
G 0 (S+ 5
5 8 HN� @ 5 s H (  ©2h�!H +.- ���!A @�(
EI) AC��0I��0 ( AC +.@ ��0�A (6DKE A @ 24AK�©H� ( � (6@ � (
E A @ l�2 8  ( �  � @�E AK��5 + BIHN�! (
E
� + ��0 ( �"ACB 8�D �!��A +.@ �i� @�E � + ��0 ( 5 +.@ l�2 8  ��!��A +.@´) AC��0 +.8 �i�"0�A (6DKE A @ 2�%i¯ (q+.- � (  �/ ( ��0N�!�4��0 (q+ 5
5 8 HN� @ 5 s
3�+  ���0 ( �"0�A (6DKE�(
E HN� @�(6D ��vA�% ( %�� DCD 2h�!H�� ( b�5 ( H��M2h�!Hj�4� @�E � DCD HN� @�(6D � ( b�5 ( H���HN� @�(6D �c#Þ0N�.� -7(
(6@  (
E=8 5 (
E
-hs >��_p79 L �_p �L ��� @�E > ± � 3�+  Q��0 ( 2h�!H���p[9=p L � @�E`x  ( ��H ( 56��AC/ (6DCs � @�E ��0N�!��"ACB 8�D �!��A +.@ � E �!���j�! (
A @ 2 +�+XE �!2� (
( B (6@ �1%

C ¾ED§¾OÈ%»tº>×�Ö Ø ½�È%»�×�¼B¸
G 0 ( 5 + BIHN�! �AK� +.@�+!3 ��0 (  (Zß«( 56��A +.@�3 �.56� +  "� +.- ���!A @�(
Ed3�+  E Afe (  (6@ �J�� �AC2�2 (  "� -7(&3\+  ( � @�E � 3 � (  J��0 ( AC +.@
��0�A (6DKE A @ 2 ) �.��A @ ����� DCDK(
E �! (}D AK��� (
E A @ ��� -�DK( ��p ) 0 (  ( �! ( � D � +  ( H +  �� (
E ��0 ( ��H ( 56AflN51�!��A +.@ � +!3 ��0 (
�� �AC2�2 (  "�1% G 0 ( /�� DC8�( � +!3 ��0 (  (Zß«( 56��A +.@î3 �.56� +  d�! ( 51� D 5 8�D �!� (
E B��.�"^�A @ 2kHN� @�(6D �k�vA�% ( %Cp )*(�E�+�@�+ �
5 +.@ ��A E�(  E �!���I5 + BIA @ 2 3  + B§��0�AK�SHN� @�(6D�3�+  S��0 ( �� �AC2�2 (  $# +!3©( �.5�0d2h�!Hd�.�S��0�AK�gHN� @�(6D AK� @�+ �Q��0�A (6DKE�(
E %

RB)*��1 1 ��)T���-F�� G������HF/QEF � ��12"5� �����@DN)7� "5� DZ? IKJ6��������1�� ��1 "�� FJâ 46�ML�! )7� FHâÅ�-L÷DN��)
N3�OG�Q�!2� á;oQP R�Siá�R-RUT á�VQP W �X�

N3�OG�Q�! �ZYP��)7�HJ(E���)7� " á;o P � R�Siá�R-R�T á�V P WXo =X[ á
M�����1 "��MG�Q�!2� á;oQP R�Siá�R-RUT o [

M(�5��12"5��G�Q�! �EY���)7�HJ�E(��)*�2" á;o P � R�Siá�R-R�T áco = W
RB� 4�"�� á0ãJí�ê7è�ò>î çjê>øUçéê]\ ê7óVæ�ågõ�ë_^ èióVæ�õ�ç*òTõ�`0æ�è�å5ë�ê>øa^ õiçTæ�ì�êqø�å b�êVçjêVëLæPø�ådcqî2õië�è�ë�ø ò7å5ë�ôVö÷ê2cqî õ�ë�æ�ç*å5ô0ôVêVç*ò
`>êd^Võ�çjê3æ�ì�ê3ò>ìiå5ê0ö ø�ågëLôfeÍå5ûgêVûhg%ågæ�ìUëLõ�ò>ì�ågêVö÷ø�ågëLôji�èiëLø�è5^Væ�êVçTågëLò>æ�èiö5ö÷å5ë�ô3æ�ì�ê3å5çjõ�ë�ò7ì�å5ê0ö øiå5ëLô0û

¬� + B ��� -�DK( � )*( � (
( �5 +.@ ��A E�(  �� -�DK( ACBIH� + / ( B (6@ � +!3 ��0 (  (Zß�( 56��A +.@t3 �.56� +  3�+  ª��0 (mE ACB 8�+.@ �� �AC2�2 (  1O
AC�QAK� -7( ��� (  -hs � 3 �.56� +  +!3 ÄX% Lt3\+  Q��0 ( BIA @ ACB 8 B - Ar�.� ( / (6@ �"�J� @�E � 3 �.56� +  +!3 á %?9 3�+  Q��0 ( H (  �ACH�0 (  �� D
( / (6@ �"�1%

G 0 (  (Zß�( 56��A +.@}3 �.56� +  "� -[(&3\+  ( ��0�A (6DKE A @ 2 )*(  (,DK+c) (6@�+.8 2�0`��0N�!�Q��0 (6sy)](  (i( �"� (6@ ��Ar� DCDCsy8 � (6DK( ���1% U{@
+  E�(  4� + l��JA @ � +`+.8  - � @�E=) A E ��0 -�8�E 2 ( �1p )*(I)]+.8�DKE 0N�
/ (q@�(
(
E�(
E � + �"51� DK( ��0 ( B E�+c)S@´-hs  +.8 2�0 DCs
� 3 �.56� +  t�1�=% W �J��0�AK� DK( / (6Dª+!3 ��51� DK(
E�+1)S@ AC� )]+.8�DKE 0N�
/ (t-7(
(6@�ß«8 ���4� -[+.8 �4�.�g2 +X+XE � + ��ACBIH DCs 5 +.DCDK( 56�
BIA @ ACB 8 B - Ar�.� E �!���=%

? ¬}�0¬�ª
¬�°ï��¬�µ

� �&¡Kk�l5l â�í�m�ò�òon�npn Ô â krqjs�tvu©Ôxw%szy�Ô {r|0} m6~ Þ ~ Þ ò&â k�q�s�tvu òQ�����kò&â�ò ñ9�+�-� l ò }�tvsz��q ò � s � y5��sz|�l9q í!òo�U� t ñ y4}Zy s ò
í t �U� y � l(t0|0s í Ôxk�l � y

� 9;¡ T % R�( A @�( �«: Ø�+.@�( � êVæ�è�ö÷û pZ� ì��@ò>û��BêVñVû;���;� �\9�������#Q�=� x á � L %
�?L ¡ U % Ú %�º ( �! E�(6@ ê0æBè�ö÷û p�ºmÜ WJ'Y�V 5 +.DCD � -[+  ��!��A +.@ p�� ì��@ò>ûz��êVæ�æ�ûZ�A�:��� �\9����=�c#Q9�9�ÄX%

W



L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

0,
C

ab
le

0,
_H

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

10
.3

R
M

S
   

= 
0.

80
73

R
O

C
0,

C
ab

le
0,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

10
.3

R
M

S
   

= 
0.

80
73

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
0,

C
ab

le
1,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
39

R
M

S
   

= 
0.

78
79

R
O

C
0,

C
ab

le
1,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
39

R
M

S
   

= 
0.

78
79

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

0,
C

ab
le

2,
_H

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
29

R
M

S
   

= 
0.

79
86

R
O

C
0,

C
ab

le
2,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
29

R
M

S
   

= 
0.

79
86

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

0,
C

ab
le

3,
_H

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  9

.9
88

R
M

S
   

= 
0.

81
03

R
O

C
0,

C
ab

le
3,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  9

.9
88

R
M

S
   

= 
0.

81
03

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

0,
C

ab
le

4,
_H

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
33

R
M

S
   

= 
0.

80
64

R
O

C
0,

C
ab

le
4,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
33

R
M

S
   

= 
0.

80
64

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
0,

C
ab

le
5,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
32

R
M

S
   

= 
0.

79
92

R
O

C
0,

C
ab

le
5,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
32

R
M

S
   

= 
0.

79
92

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
1,

C
ab

le
0,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

17
R

M
S

   
= 

0.
80

89

R
O

C
1,

C
ab

le
0,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

17
R

M
S

   
= 

0.
80

89

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
1,

C
ab

le
1,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

13
R

M
S

   
= 

0.
79

35

R
O

C
1,

C
ab

le
1,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

13
R

M
S

   
= 

0.
79

35

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

1,
C

ab
le

2,
_H

ra
te

N
en

t 
= 

0 
   

  

M
ea

n
  =

  9
.7

97
R

M
S

   
= 

0.
74

75

R
O

C
1,

C
ab

le
2,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  9
.7

97
R

M
S

   
= 

0.
74

75

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

-1

-0
.50

0.
51R

O
C

1,
C

ab
le

3,
_H

ra
te

N
en

t 
= 

0 
   

  

M
ea

n
  =

   
   

0

R
M

S
   

= 
   

  0

R
O

C
1,

C
ab

le
3,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

   
   

0

R
M

S
   

= 
   

  0

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
1,

C
ab

le
4,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

18
R

M
S

   
= 

 0
.8

17

R
O

C
1,

C
ab

le
4,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

18
R

M
S

   
= 

 0
.8

17

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
1,

C
ab

le
5,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

16
R

M
S

   
= 

0.
81

45

R
O

C
1,

C
ab

le
5,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

16
R

M
S

   
= 

0.
81

45

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
2,

C
ab

le
0,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
21

R
M

S
   

= 
0.

80
76

R
O

C
2,

C
ab

le
0,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
21

R
M

S
   

= 
0.

80
76

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

2,
C

ab
le

1,
_H

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
22

R
M

S
   

= 
0.

80
91

R
O

C
2,

C
ab

le
1,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
22

R
M

S
   

= 
0.

80
91

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

-1

-0
.50

0.
51R

O
C

2,
C

ab
le

2,
_H

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

   
0

R
M

S
   

= 
   

  0

R
O

C
2,

C
ab

le
2,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

   
0

R
M

S
   

= 
   

  0

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

2,
C

ab
le

3,
_H

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

9.
78

R
M

S
   

= 
0.

73
87

R
O

C
2,

C
ab

le
3,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

9.
78

R
M

S
   

= 
0.

73
87

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
2,

C
ab

le
4,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

10
.1

R
M

S
   

= 
0.

84
43

R
O

C
2,

C
ab

le
4,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

10
.1

R
M

S
   

= 
0.

84
43

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
2,

C
ab

le
5,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
17

R
M

S
   

= 
0.

85
04

R
O

C
2,

C
ab

le
5,

_H
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
17

R
M

S
   

= 
0.

85
04

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
0,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

21
R

M
S

   
= 

0.
82

15

R
O

C
3,

C
ab

le
0,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

21
R

M
S

   
= 

0.
82

15

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
1,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

21
R

M
S

   
= 

 0
.8

31

R
O

C
3,

C
ab

le
1,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

21
R

M
S

   
= 

 0
.8

31

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
2,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

01
R

M
S

   
= 

0.
81

51

R
O

C
3,

C
ab

le
2,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

01
R

M
S

   
= 

0.
81

51

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

3,
C

ab
le

3,
_H

ra
te

N
en

t 
= 

0 
   

  

M
ea

n
  =

  1
0.

21
R

M
S

   
= 

0.
81

09

R
O

C
3,

C
ab

le
3,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

21
R

M
S

   
= 

0.
81

09

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5
Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
4,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

31
R

M
S

   
= 

0.
79

14

R
O

C
3,

C
ab

le
4,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

31
R

M
S

   
= 

0.
79

14

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
5,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

29
R

M
S

   
= 

0.
82

57

R
O

C
3,

C
ab

le
5,

_H
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

29
R

M
S

   
= 

0.
82

57

âP�51 Q()*� o ãmùPê7è�c��éùvê7è�c��tõ ó>èiöBö÷êVñVê0ö���ø�êVö÷è��xõ5^Uæ�ì�ê�í�î ïZð£ó>è�`0ö ê0ò3ó>õ�ç*çjêVò��2õ�ëLø�ågëLôxæ�õxæ�ìiê�ì�õ�ç*åH�7õ�ëLæ�è�ö
æ�î-`7êVò�õ5^qô0è���� e�ågë¡`7ê>è�c óVö÷õ ó�¢3î2ë�å5æ!i@û

[



L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
0,

C
ab

le
0,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
31

R
M

S
   

= 
0.

85
79

R
O

C
0,

C
ab

le
0,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
31

R
M

S
   

= 
0.

85
79

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
0,

C
ab

le
1,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
21

R
M

S
   

= 
0.

82
79

R
O

C
0,

C
ab

le
1,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
21

R
M

S
   

= 
0.

82
79

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

0,
C

ab
le

2,
_V

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
14

R
M

S
   

= 
 0

.8
15

R
O

C
0,

C
ab

le
2,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
14

R
M

S
   

= 
 0

.8
15

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
0,

C
ab

le
3,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
26

R
M

S
   

= 
0.

82
27

R
O

C
0,

C
ab

le
3,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
26

R
M

S
   

= 
0.

82
27

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
0,

C
ab

le
4,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
21

R
M

S
   

= 
0.

81
29

R
O

C
0,

C
ab

le
4,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
21

R
M

S
   

= 
0.

81
29

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

0,
C

ab
le

5,
_V

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
14

R
M

S
   

= 
0.

82
39

R
O

C
0,

C
ab

le
5,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
14

R
M

S
   

= 
0.

82
39

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
1,

C
ab

le
0,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

14
R

M
S

   
= 

0.
80

01

R
O

C
1,

C
ab

le
0,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

14
R

M
S

   
= 

0.
80

01

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
1,

C
ab

le
1,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

16
R

M
S

   
= 

0.
84

09

R
O

C
1,

C
ab

le
1,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

16
R

M
S

   
= 

0.
84

09

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

-1

-0
.50

0.
51R

O
C

1,
C

ab
le

2,
_V

ra
te

N
en

t 
= 

0 
   

  

M
ea

n
  =

   
   

0

R
M

S
   

= 
   

  0

R
O

C
1,

C
ab

le
2,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

   
   

0

R
M

S
   

= 
   

  0

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

1,
C

ab
le

3,
_V

ra
te

N
en

t 
= 

0 
   

  

M
ea

n
  =

  1
0.

06
R

M
S

   
= 

0.
80

31

R
O

C
1,

C
ab

le
3,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

06
R

M
S

   
= 

0.
80

31

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
1,

C
ab

le
4,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

06
R

M
S

   
= 

0.
83

51

R
O

C
1,

C
ab

le
4,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

06
R

M
S

   
= 

0.
83

51

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

-1

-0
.50

0.
51R

O
C

1,
C

ab
le

5,
_V

ra
te

N
en

t 
= 

0 
   

  

M
ea

n
  =

   
   

0

R
M

S
   

= 
   

  0

R
O

C
1,

C
ab

le
5,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

   
   

0

R
M

S
   

= 
   

  0

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

-1

-0
.50

0.
51R

O
C

2,
C

ab
le

0,
_V

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

   
0

R
M

S
   

= 
   

  0

R
O

C
2,

C
ab

le
0,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

   
0

R
M

S
   

= 
   

  0

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

2,
C

ab
le

1,
_V

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
03

R
M

S
   

= 
0.

79
97

R
O

C
2,

C
ab

le
1,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
03

R
M

S
   

= 
0.

79
97

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

2,
C

ab
le

2,
_V

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
14

R
M

S
   

= 
0.

78
94

R
O

C
2,

C
ab

le
2,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
14

R
M

S
   

= 
0.

78
94

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

-1

-0
.50

0.
51R

O
C

2,
C

ab
le

3,
_V

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

   
0

R
M

S
   

= 
   

  0

R
O

C
2,

C
ab

le
3,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
   

   
0

R
M

S
   

= 
   

  0

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
2,

C
ab

le
4,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
06

R
M

S
   

= 
0.

81
45

R
O

C
2,

C
ab

le
4,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
06

R
M

S
   

= 
0.

81
45

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
1

0.
2

0.
3

0.
4

0.
5R

O
C

2,
C

ab
le

5,
_V

ra
te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
05

R
M

S
   

= 
0.

80
28

R
O

C
2,

C
ab

le
5,

_V
ra

te

N
en

t 
= 

0 
   

  
M

ea
n

  =
  1

0.
05

R
M

S
   

= 
0.

80
28

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
0,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

21
R

M
S

   
= 

0.
82

94

R
O

C
3,

C
ab

le
0,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

21
R

M
S

   
= 

0.
82

94

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
1,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

28
R

M
S

   
= 

0.
83

33

R
O

C
3,

C
ab

le
1,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

28
R

M
S

   
= 

0.
83

33

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
2,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

39
R

M
S

   
= 

0.
83

85

R
O

C
3,

C
ab

le
2,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

39
R

M
S

   
= 

0.
83

85

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
3,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

16
R

M
S

   
= 

0.
83

28

R
O

C
3,

C
ab

le
3,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

16
R

M
S

   
= 

0.
83

28

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5
Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
4,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

19
R

M
S

   
= 

0.
84

05

R
O

C
3,

C
ab

le
4,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

19
R

M
S

   
= 

0.
84

05

L
V

L
-1

 d
el

ay
 (

B
C

L
K

)
8.

5
9

9.
5

10
10

.5
11

11
.5

12
12

.5

Hit rate

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
350.
4

0.
45

R
O

C
3,

C
ab

le
5,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

33
R

M
S

   
= 

0.
81

78

R
O

C
3,

C
ab

le
5,

_V
ra

te
N

en
t 

= 
0 

   
  

M
ea

n
  =

  1
0.

33
R

M
S

   
= 

0.
81

78

âP�51 Q()*� Ì ãHùvê>è�c��jùvê>è�c��tõ ó>è�ö_ö÷êVñ0êVör��ø�ê0ö è��qõ5^Hæ�ì�ê&í�î ïZðÅó7è�`Vö÷êVò}ó>õiç7çjêVòv�§õ�ëLø�ågëLô3æ�õCæ�ìiêHñVê0ç7æ�ågó>èiö(æ�îX`7êVò
õ5^qôVè9�£� eÍå5ë¤`>ê7è�c¡ó0ö õVó)¢3î ëLågæ!i�û

¥



MuID Gap
-0.5 0

¦
0.5
¦

1 1.5 2
§

2.5
§

3
¨

3.5
¨

4
©

4.5
©

M
u

ID
 H

it
s 

P
er

 E
ve

n
t

0
¦
5
ª

10

15

20

25

30
¨
35
¨

data : run 26344 no add shield
«
simul : old¬
simul : new response chain¬
simul : new resp ch + low ph threshold¬

Number Of Hits Per Gap

âP�51 Q()*� � ãK�îXc�`>ê0çTõ5^3ìiå5æ�ò®�2êVçHô0è��=è�ëLø¯�§êVçJêVñVê0ëLæ�°�^Võ�çHæ�ìiêCó>õ�ëo±vôVî çjè�æ�å5õië�g%ågæ�ì�ëLõ�è�ø�ø�ê7ø�ò7ì�å5ê0ö øiå5ëLô�°
õ�`Væ�è�ågëLê7ø²^ õiç�æ�ì�ê�ê)³��§êVç*åHcqê0ëLæ�è�ö ø�è�æ�èJè�ëLøTø�å b�ê0çéê0ëLæ_ò>ådcqî2ö÷è�æ�ågõ�ëLò�e�ò>ê7ê�æ�ì�ê�æ�ê)³Væ)^Võ�çPê)³��tö èiëLè�æ�ågõ�ëLò�i@û��õ�æ�ê�´
æ�ì�ê3ò>æ�è�æ�ågò>æ�ågó>èiö6êVç*çjõ�çHågò�ò�cqè�ögö ê0çHæ�ì�èië�æ�ì�ê3ò��µc�`>õ�ö÷ò>û

V



z_vertex (cm)
-1000 -800 -600 -400 -200 0

¶

r_
ve

rt
ex

 (
cm

)

0
¶

100

200
·
300
¸
400
¹
500
º
600
»
700

800
¼
900
½

BP
B-COL

GAP 0
¾

MMS yoke

Creation Point Of e+ And e- Generating Hits In Gap0

z_vertex (cm)
-1000 -800 -600 -400 -200 0

¶

r_
ve

rt
ex

 (
cm

)

0
¶

100

200
·
300
¸
400
¹
500
º
600
»
700

800
¼
900
½

GAP 4
¾

DX mag

Creation Point Of e+ And e- Generating Hits In Gap4
¿

âP�51 Q()*� = ã3ú�çjê>è�æ�ågõ�ëh�2õ�å5ë�æ_õ5^uæ�ìiê;�§õ�ò7å5æ�çjõ�ëLòvè�ëLøHêVö÷ê>óVæ�çjõ�ëLò�g%ì�ågóVìTìiè�ñVêE±vçéê7øTïZè�çjõ ó>ó0å�æ�î-`7êVòOågë3ôVè9����è�ëLø
ôVè���Àtû Á�ì�ê	g%õ�çéøiò3å5ëLøiå5ó7è�æ�ê/æ�ìiê/ø�å b�ê0çéê0ëLæuêVö÷ê)cqê0ëLæ�òJõ(^�æ�ìiê/ê�³j�§ê0ç7ådcqêVëLæ�è�ö%ò7êVæ�î��GèiëLø�õ(^Cæ�ì�ê ó>õiö5ö÷å5øiêVço´
Â í�í¡Ã¤��õ/¢Vê-Ä�^ õiçJæ�ì�ê	�@õ�¢Vê/õ5^Cæ�ìiê�ò>õiî2æ�ì¡cqî2õië�cqè�ôVë�êVæ�° Â ù � Ä�^Võ�ç�`>ê7è�c��Å�(åÆ�§ê�° Â ù®��ú&Ç��®Ä�^Võ�çÈ`7ê>è�c
ó>õ�ögö èiç0° Â ð�É�cqè�ôXÄ#^ õ�çHð�É�cqè�ôVëLê0æ�û

á�R



Eta_prim
-6 -5 -4 -3 -2 -1 0

Ê
1

<d
N

/d
E

ta
> 

P
er

 E
ve

n
t

0
Ê2
4

6
Ë8
Ì10

12

14

16

MUID

BP

Primary Particle Pseudo-Rapidity    b < 5. fm

Eta_prim
-6 -5 -4 -3 -2 -1 0

Ê
1

<d
N

/d
E

ta
> 

P
er

 E
ve

n
t

0
Ê1
2

3
Í4
5
Î6
Ë7
8
Ì9
Ï10

MUID

BP

Primary Particle Pseudo-Rapidity     5. < b < 10. fm

Eta_prim
-6 -5 -4 -3 -2 -1 0

Ê
1

<d
N

/d
E

ta
> 

P
er

 E
ve

n
t

0
Ê0.2
Ê0.4
Ê0.6
Ê0.8
Ê 1

1.2

1.4

1.6

MUID

BP

Primary Particle Pseudo-Rapidity     b > 10. fm
Ð

âP�51 Q()*� W ã_ÑuñVê0çéè�ô0ê®�tò7êVî ø�õ��jçéè9�tå5øiå5æ��Cøiå5ò7æ�ç7åd`Vî æ�ågõ�ë��§ê0ç�ê0ñVêVë�æ&eÍõ�`Væ�èiå5ëLê7øCè5^Væ�êVç}æ�ì�êHådcp�tçjõ�ñVê�c&ê0ëLæ%õ5^Hæ�ì�ê
ò>ådc&î ö÷è�æ�ågõ�ëµiJõ5^�æ�ì�ê��tç*åHcqè�ço�a�2è�çéê0ëLæ�ò�õ(^��§è�ç*æ�å5ó0ö ê0òag%ì�ågóVì��tçjõ ø�î ó7êHèqì�ågæ\ågë/æ�ìiê�í�î ïZð�°)^ õ�ç�æ�ì�çéê7êTådc��2è�óVæ
�§è�çjè�cqêVæ�êVç2`VågëLò7û

X_Hit (cm)
Ò-600 -400 -200 0

Ó
200
Ô

400
Õ

600
Ö

Y
_

H
it

 (
c

m
)

-600

-400

-200

0
Ó

200
Ô
400

600
Ö X_Y_Hit_yprimgtm3_gap0

Nent = 3013   
×
Mean x = -16.27

Mean y = -0.6595
Ø

Y_hit vs X_hit In Gap 0 For y_prim > -3.
X_Y_Hit_yprimgtm3_gap0

Nent = 3013   
×
Mean x = -16.27

Mean y = -0.6595
Ø

âP�51 Q()*� [ ã_ÉÅñ0êVç*ò>î ò�Ùxõ(^Tæ�ì�êHì�å5æ�ò�å5ë�ôVè��¡��ó>õ�ç*çéê��
ò��§õ�ë�ø�å5ë�ôCæ�õÈ�tç7ådcqè�ço�Ú�2è�ç7æ�ågóVö÷êVòÚg%å5æ�ì ½h¾"¿«ÀfÁ Â ¸ Û û

X_Hit (cm)
Ò-600 -400 -200 0

Ó
200
Ô

400
Õ

600
Ö

Y
_

H
it

 (
c

m
)

-600

-400

-200

0
Ó

200
Ô
400

600
Ö X_Y_Hit_yprimltm3_gap0

Ò
Nent = 10421  

Mean x =  5.226

Mean y =  12.58

Y_hit vs X_hit In Gap 0 For y_prim < -3. X_Y_Hit_yprimltm3_gap0
Ò
Nent = 10421  

Mean x =  5.226

Mean y =  12.58

âv��1 Q�)*� ¥ ã_ÉÄñVê0ç7ò7î2òUÙxõ5^Hæ�ì�êTì�ågæ�ò�ågë�ô0è��¡�3ó>õiç7çjê)�
òv�§õ�ëLø�ågëLôCæ�õÈ�tç*ådc&èiç0�È�§è�ç*æ�ågóVö÷êVò_g%ågæ�ì ½h¾"¿«À Á ¶Ã¸ Û û

á á



âP�51 Q()*� V ã�ú�ìiè�çéô0ê>øCøiêVëLò7å5æ��&ø�ågñVågø�ê>ø¯`��Hæ�ì�ê�ëLîXc�`>ê0ç�õ5^®�tçjõ5\ ê7óVæ�ågö êHëLî óVö÷ê>õ�ëLò�å5ëUæ�ì�ê_`7ê>è�cÛ^Vçéè�cqêTñ0êVç*ò>î ò
µXê¤Òkµn¸ ½ ç\è å�Á õ�`Væ�è�ågëLê7ø èiæ}ú:Üz���ÝrÃ � Ãh^ õ�ç��(çéõ�æ�õië��(çéõ5\Vê>ó0æ�å5ö÷êVòHè�æzÞ�ß/�¤àPêâá�Ýtóqè�ë�ø	Þ��/�£àPêâá�Ý(ó)°/^Võ�ç
õ�³)�@ôVê0ë�èiëLø�ò7î ö ^Vî ç��tçéõ(\ ê7óVæ�ågö ê0ò3è�æ�Þ��/�ÛàPêâá�Ý(óÚ�2êVç3ëLî óVö÷ê>õië�è�ë�øxö÷ê>èiø��(çéõ5\Vê>ó0æ�å5ö÷êVò3èiæ���ß�ãäàPêâá�ÝtóÚ�§ê0ç
ëLî óVö÷ê>õ�ëäe ^Vçjõ�cæådÞ�çdi�û

á;o



è é ê ë ì ë í î ï ð ê ñ ò ó ï ð ô é õ ö ñ ò ñ ÷ ø é ô é ñ ø ÷ ù ð ú ï ö é û ñ ò ô ù ô î ñ ÷ ü ú ý ñ ð ù þ ó ï ð ô é õ é ó ï ÷ ô ó ï é ð ø ë
ÿ ù ô ï ö � ø ô ï ô é ø ô é õ ï ö � ø � ø ô ñ ú ï ô é õ � ü ÷ õ ñ ð ô ï é ÷ ô é ñ ø ï ð ñ ø î ù � ÷ � ÷ ù ô é ÷ õ ö ü ò é ÷ ê ô î ñ ü ÷ õ ñ ð �
ô ï é ÷ ô � é ÷ � � 	 
 � �  � ø ñ ñ ô ñ � ô � ë ÿ î ñ é ÷ ø ñ ð ô õ ù ú ó ï ð ñ ø ô î ñ � � � � õ ñ ÷ ô ð ï ö � ù ó ñ ÷ õ é ð õ ö ñ ø �
ï ÷ ò ì � � � � � õ ñ ÷ ô ð ï ö � ù ó ñ ÷ ø � ü ï ð ñ ø � � ü � � ü ð ñ ø ü ö ô ø ô ù ô î ñ � ë � � õ ñ ÷ ô ð ï ö � ý � � ý ò ï ô ï
� õ ö ù ø ñ ò ô ð é ï ÷ ê ö ñ ø � ù þ ð ñ þ ë � � � ë è ù ð ô î é ø õ ù ú ó ï ð é ø ù ÷ ù þ ô î ñ � ó ð ù � ñ õ ô é ö ñ � ð ñ ê é ù ÷ ø þ ù ð ô î ñ
ô � ù ð ñ ï õ ô é ù ÷ ø � ô î ñ ò ï ô ï ï ð ñ ó ö ù ô ô ñ ò é ÷ ô ñ ð ú ø ù þ ô î ñ ó ø ñ ü ò ù ð ï ó é ò é ô � ø î é þ ô ñ ò ý � ô î ñ
ý ñ ï ú ð ï ó é ò é ô � � ï ø ò é ø õ ü ø ø ñ ò é ÷ ô î ñ ô ñ � ô ë è ù ð ô î ñ é ÷ ø ñ ð ô � ô î ñ ó ï ð ô é õ ö ñ ò ñ ÷ ø é ô é ñ ø ï ð ñ
÷ ù ð ú ï ö é û ñ ò ô ù ô î ñ ÷ ü ú ý ñ ð ù þ ó ð ù � ñ õ ô é ö ñ ó ï ð ô é õ é ó ï ÷ ô ø � � î é õ î é ø ñ � ü ï ö ô ù ô î ñ ÷ ü ú ý ñ ð
ù þ ó ï ð ô é õ é ó ï ÷ ô ó ï é ð ø þ ù ð ï ø � ú ú ñ ô ð é õ ð ñ ï õ ô é ù ÷ ë

� �

� �"!$#&%('*) R$+Cú-,/./0jô217øCø/143Lò6587��Hø/5gñ25gø/17ø¯`)� ä ¾"å$¿Zæ ò:9 ñ21407ò7î ò;7<,/1��tò610î ø�õ��=0>.��&55ø/587��3õ�`47<./5"3?1>ø¯`)�Jù®�aÑA@CBfÃ
1)³j�D120(5HcE123?7F583 ÑuîX�5Ñ�î²ó>õ�ögöG5gò65gõ/3LòH./7 ì í»ÒJI:K:L à 1�á å"M�çZûàïN3LòO120(7<1>ø�´ ó>õ�cp�P.Q0O5gò>õ/3Äõ5^R7<,Q1�ó2,/./0jô217ø
ø/123LòO5"7��3øQ55ñ455ø/17ø	`�� ä ¾"å$¿«æ ò:9 ñ21407ò7î2ò µ ê Òkµ,¸ ½ ç\è å�Á 5"3¡ÑuîX�5Ñ�î�ó>õiö5öS55òO55õQ3LòT./7 ì íJÒUI:K:L à 1âáV./7z�W@�ïVú
./3Lø � `�� � `Jó7õ�ö5öS5gò65gõ/3LòX./7���ß�ã�à 1âá�Ý(ó��P120X3�î2ó0öG17õ/3R./7�ú:Üz�azÝrÃ � Ã e ì íJÒUI:Y à 1âá�i�ådÞ�çZû

) Ì



Npart
0 50 100 150 200 250 300 350

N
u

m
b

er
 O

f 
C

h
ar

g
ed

 P
ri

m
ar

ie
s 

P
er

 E
ve

n
t

0

2

4

6

8

10

12

14

16

0.5 Npart
Z

Number Of Charged Primaries With -5.65<eta<-5.4

� �"!$#&%('[)$) + \-,/./0=]216^`_Ea$bS7<5dcebS58f2587<gih2140OjOa$jlkCmonOp=qr5"3tsWa$u>svawfOx/b8bG58j658x/3yjz./7|{ }C~��/�Q��� 1����2x/0
� ~�� ���:���:�:���X�:� �:��12�27<0=./f47<16^���0=x/_�@A�N�D�N�E� ���-,/1 bG583y1 0>1oce0=12j6143y7<j¡7<,/1Vf2,Q./0>]416^¢_Ea$bG7<5£cebS5"f45"7<g|^Q1NcP143yu
^/./3yfO1�¤¥587<,¡k mon6p¦q ^/1O^/a$f61O^T�20>xQ_§7<,/1�,Qg6cDx/7<,/12jO5"jEx>��bS5"_E587<5"3?] �20>./]4_E123y7<./7<58x/3U¨<jO161©7<,/1*7<14�27e�2x/0E12�ocebS./u
3y./7<58x/3«ª¬�

ptot (GeV/c)0
®

0.2
®

0.4
®

0.6
®

0.8
®

1 1.2 1.4 1.6 1.8 2

<d
N

/d
p

to
t>

 P
er

 E
ve

n
t

0
®0.2
®0.4
®0.6
®0.8
® 1

1.2

1.4

1.6

1.8

2

2.2

1 inch Al

2 inches Fe

6 inches Fe
¯

Pions ptot Distribution

ptot (GeV/c)0
®

0.2
®

0.4
®

0.6
®

0.8
®

1 1.2 1.4 1.6 1.8 2

<d
N

/d
p

to
t>

 P
er

 E
ve

n
t

0
®

0.2
®
0.4
®
0.6
®
0.8
®

1

Protons ptot Distribution

ptot (GeV/c)10
-4

10
-3

10
-2

10
-1

1

<d
N

/d
p

to
t>

 P
er

 E
ve

n
t

0
®0.5
® 1

1.5

2

2.5

3
°3.5
° 4

4.5

e+ and e-  ptot Distribution±

� �"!$#&%(' )4² +³�yx/7<.Qb´_Ex/_E123?7<aD_µ^/58j67<0(58¶2a$7<5"xQ3|x>��7<,Q1·ce58x/3yjO¸¹ce0=x/7<x/3?j6¸´cPx/jO5"7<0=x/3yjE./3y^H12bS16f27<0=x/3yjºf20=16./7<1O^
5"3»7<,/1�¶O16./_Eu¼ce5£cP1¡0>1O]258x/3¢x/0E7<,/1¾½v¿w_E./]23y147v0=16]45"x/3?¸W¤¥,/123À7<,/14gÁ123y7<140E7<,/1¾j6123?j6587<5"h41�h4x/bGa$_E1©x>�©7<,/1
BHa$�N½T�

)4Â



T
w

o
p

ac
k 

#
0

5
10

15
20

Hits/Event

0

0.
02

0.
04

0.
06

0.
080.

1

G
ap

 1
, P

an
el

 1
, V

er
t.

T
w

o
p

ac
k 

#

Ã

0
5

10
15

20

Hits/Event

0

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

0.
07

0.
08

G
ap

 3
, P

an
el

 1
, V

er
t.

T
w

o
p

ac
k 

#
0

5
10

15
20

Hits/Event

0

0.
02

0.
04

0.
06

0.
080.

1

0.
12

0.
14

0.
16

G
ap

 4
, P

an
el

 1
, V

er
t.

T
w

o
p

ac
k 

#
0

5
10

15
20

Hits/Event

0

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

0.
07

0.
08

G
ap

 1
, P

an
el

 4
, V

er
t.

T
w

o
p

ac
k 

#

Ã

0
5

10
15

20

Hits/Event

0

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

0.
07

0.
08

0.
09

G
ap

 3
, P

an
el

 4
, V

er
t.

T
w

o
p

ac
k 

#
0

5
10

15
20

Hits/Event

0

0.
02

0.
04

0.
06

0.
080.

1

S
h

ie
ld

in
g

N
o

n
e

A
lu

m
in

u
m

2"
 Ir

o
n

6"
 Ir

o
n

A
n

d
re

w
 G

le
n

n
: 

U
n

iv
er

si
ty

 o
f 

T
en

n
es

se
e

G
ap

 4
, P

an
el

 4
, V

er
t.

Ä Å"Æ$Ç&È(ÉÁÊ4ËDÌ�ÍCÎ$ÏFÐOÑ2Ò·Ó>ÔºÕ/Ö8×<ØÚÙPÑ2Ò�×<Û¥ÓÜÙPÝ/Þ4ß�Ý/àyá�ÙPÑ2ÒXÑ4â2Ñ4ày×ãÓ/Ð4×<Ý/Ö"à?Ñ6áWÔ�ÓQÒ·á/Ö ä·Ñ2Ò=Ñ2ày×ÚØ6Õ/Ö8Ñ2åSá/Ö8àyæEÞ6Ó/àOç;æ2Î$Ò>ÝQè
×<Ö"Ó/à?Ø6é

Ê4ê



 PISA2000  + Shielding + DX magnet
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